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ABSTRACT 


Chess is an old game which is very popular. But since we today live in an increasingly 
digitalised world, most of the chess games are nowadays played via a computer. It's a 
pity because it takes away the feeling of playing a real game of chess. The recent 
development in the technology has however made it possible to create a lot of new 
robots like chess robots. 


The aim of this bachelor thesis was therefore to create an automated chess robot and 
explore how fast the robot can move the pieces. Due to the complexity of the game the 
focus has been to create a robot that will act as a link. The robot detects the chess pieces 
movements by using reed switches and then moves the pieces with an electromagnet 
controlled by stepper motors. An Arduino was used to control the sensors and another 
to actuate the stepper motors. 


To evaluate the speed of the electromagnet some tests had to be made and analysed. The 
tests focused on comparing a few important moves and change the voltage that was 
applied to the motor to see if it had an impact on the speed. The test showed that the 
voltage clearly had an impact on the motor speed and that the motors were very 
accurate and thus never left the piece on the wrong square. 
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SAMMANFATTNING 


Schack är ett gammalt spel som är väldigt populärt. Idag lever vi i en alltmer 
digitaliserad värld, där det mesta av schacket spelas via en dator. Det är synd för det tar 
bort känslan av att få spela schack på riktigt. Den senaste tekniska utvecklingen har dock 
gjort det möjligt att kunna skapa robotar, så som schackrobotar. 


Syftet med detta kandidatexamensarbete är därför att skapa en automatiserad 
schackrobot och undersöka hur snabbt den kan förflytta pjäserna. På grund av 
komplexiteten i detta spel har fokus legat på skapa en robot som fungerar som en länk. 
Roboten känner av schackpjäserna genom att använda reed switchar och förflyttar 
sedan pjäserna genom en elektromagnet som styrs av stegmotorer. En Arduino 
användes för att kontrollera sensorerna och driva motorerna. 


För att utvärdera hastigheten hos elektromagneten utfördes några tester. Olika drag 
analyserades liksom att förändra spänningen som applicerades till motorn. Testerna 
visade att spännigen verkligen hade en påverkan på hastigheten och att motorerna var 
väldigt precisa och därmed inte lämnade pjäsen på fel ruta. 
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NOMENCLATURE 


This chapter denotes and describes the symbols and abbreviations used in the project. 


Symbol Description 


U Voltage (V) 
I Current (A) 
L 


Inductance (mH) 


t Time (s) 
Abbreviations 

I2C Inter-Integrated Circuit 
GND Electrical Ground 


1 INTRODUCTION 


In the following chapter will the background, purpose, limitations and the methods used to 
complete this project be described and presented. 


1.1 Background 


The task of this project was to develop a mechatronic product with respect to a 
substantial scientific question. To simplify the project an open- source microcontroller 
from Arduino was used. 


Since chess is something that has always been close to my heart I felt quite early that it 
would be interesting to create a proper functioning chess robot of some kind. Chess is an 
old game that's quite popular but at the same time it's a very advanced game which 
requires a lot of thinking. 


In recent years the technique has developed tremendously and it has made it possible to 
create a lot of new innovative robots like chess robots. Most of the chess robots that are 
made can think for themselves but since chess is a very complicated game it would 
require a lot of programming so instead I opted to make a chess robot that would not 
think and thus merely act as a link between two chessboards. The chess robot will 
therefore only perform the same move on one board that was made on the other. 


When it comes to moving the chess pieces the most intuitive and probably the most 
popular option in this kind of task is to make a robot arm that could grab and move the 
chess pieces. It would give a more genuine feeling of playing against an opponent with a 
hand that moves the pieces but it was considered to be too complex to make. 


After looking at other ways to move the chess pieces the best solution seemed to be to 
make a XY-table (James, 2011) underneath the chessboard which moves around an 
electromagnet in the x and y-direction. One advantage of the XY-table is that it (unlike a 
CNC machine) operates underneath the chessboard which gives the player more space 
to make its own moves. 


1.2 Purpose 


In this project the focus is on the sensing of the chessboard and the movement of the 
chess pieces. The purpose of this project is to develop a working prototype and through 
some studies evaluate whether it's suitable to act as a link between two chessboards. 


The idea was to evaluate the speed of the movement of the chess pieces. What is the 
highest possible speed of the electromagnet that can be achieved without getting any 
errors on the board? An error on the board occurs when the piece ends up in the wrong 
square. 


1.3 Scope 


In this project the chess robot will only act as a link between the two boards. 

The project had some limitations when it comes to time and money. Due to these 
limitations some simplifications to make the project more feasible were made. The 
focus was on getting the robot to work in only one direction as the detection and 
movement of the chess pieces is the same in both directions. It means that if you succeed 
with it in one direction it's not particularly difficult to make it work in both ways. 


Another simplification that has been made to facilitate this project and make the 
prototype cheaper is to only perform the mechanism at a quarter of the chessboard (16 
squares) and not use all the 64 squares. Again, it's the same principle that applies to16 
squares as for 64 squares so that once you have learned how to do the mechanism and 
got it to work properly; it's relatively easy to extend it to the whole chessboard. 


For the XY-table the squares needed to be big in relation to the pieces to make it 
possible for the pieces to travel in between other pieces. The reed switches (see Theory 
2.2) also had some limitations. They only know which squares are occupied, not which 
piece is occupying it. But since there will only be one move at a time it still works. 
Furthermore the direction is important to the reed switches which meant that they had 
to be placed upright to enable the magnets to be placed with its bottom down. It means 
that the reed switches only can detect a piece if it is in the centre of the square. 


1.4 Method 


To facilitate the project the work was divided into some main parts. The very first step 
was about to become familiar with the Arduino. The Arduino was a significant part of 
the project and it was therefore important to understand how it worked. The next step 
was to get the reading of the chessboard to work correctly. Some different sensors were 
studied and in the end reed switches were chosen. When it was able to detect the chess 
pieces properly the focus moved on to the next part which was to create and design a 
mechanical XY-table that moved around the chess pieces using an electromagnet. 
Different ways of creating linear motion was considered and a lot of thinking went to 
figure out the setup of the XY table. After all the steps were performed they were put 
together into a single unit. 


To be able to answer the questions in section 1.2 some tests had to be made. Since you 
can't check all possible moves some situations was chosen. These situations had to be 
different to make the evaluations accurate and thereby reliable. Most ofthe pieces in a 
chessboard move in either a straight line or in a diagonal. Thus the speed was tested for 
both movements. The knight on the other hand has a special movement. It moves in an 
L-formation which means that it can move in between other pieces. It was therefore an 
important move to test. 


Besides evaluating different moves some factors were investigated. The factors were 
varied to see if they would have an impact on the speed of the electromagnet. The test 
involved changing the voltage that was applied to the motor and trying different weights 
of the pieces. The voltage was applied to the motor at three different levels; 4.5, 6 and 
7.5 volts. Three different weights of the pieces were also tested. The pieces weighted 


10g, 30g and 100g. 


The tests were first performed with a constant speed and then with an 
acceleration/deceleration of the motor. At the acceleration tests the measurements was 
made by hand which made it a little bit more insecure and therefore the tests were 
performed a lot of times to get it more accurate and the ones who stuck out were not 
taken into consideration. Since there were different motors at both axes they were both 
tested at constant speed. At all tests the time was measured and then the distance (that 
the piece travelled) was divided by that measured time to get the speed of the move. 


2 THEORY 


This chapter describes the theory that was needed in order to complete the project. 


2.1 Keypad matrix 


The computer is a very useful invention that's important in most people's lives. To make 
the computer work correctly it's essential to have a keyboard. The computers keyboard 
is wired up in an electrical X-Y matrix circuit where each key acts as switch between a 
row and a column. A voltage is provided sequentially to the rows and the columns are 
measured one by one. If a key is pressed the circuit closes and the keyboard controller 
will register a high value at that keys column. (It thereby understands that key has been 
pressed). Its matrix position is determined by which column and row that's high at the 
same time. 


By using this keypad matrix technology the number of wires can be significantly 
reduced. With a 64-key keyboard any key press can be determined by only using 16 
wires instead of using 64, one for each key. 


Since each key connects a row with a column when it is pressed, it can when multiple 
keys are pressed at the same time occur a problem called "Ghosting". When three keys 
or more are pressed simultaneously (Gerardo) the connections closes and creates a path 
where the signal can go around the key that is not activated and detect a signal from the 
fourth key ("Ghost") even though it should not. Some types of keyboards thus use 
something called a "Phantom key blocking" which means that they will only register two 
keys at once. This is undesirable in situations where you need to type fast or in games 
where you need to press multiple keys at once. 


This problem can however be avoided by using a diode for every key. The diodes are 
rectifying which means that the signal can't go through both ways and it thereby 
prevents the "Ghosting" keys. 


2.2 Reed switches 


Reed switches are electromagnetic switches that are used to control the flow of current 
in a circuit. The reed switch consist of two ferrous reeds which gets magnetised and 
moves together or separate when a magnetic field moves towards the switch. 


There are two types of reed switches, normally open and normally closed. A normally 
open switch (used in this project) is usually open but when a magnet gets close enough 
to the switch, it responds to the magnetic field generated by the magnet and closes and 
thus completes the circuit. 


In order for the reed switch to react some sort of magnet is needed. The strength of the 
magnet depends on the (type) sensitivity of the reed switch and the distance between 
the magnet and the switch as well as the type and size off the magnet. 


Although reed switches is quite sensitive and easily reacts the orientation of the magnet 
as it approaches the reed switch is very important. (Digikey)If you want the magnet to 
beright on top of the switch, they need to be parallel. It means that if you want the 
magnet with its bottom circle down then the reed switch needs to be upright as well. 


2.3 Stepper motor 


The stepper motor consists of a stator and a rotor. The stator has some electromagnets 
around (Gonzalez, 2015)the rotor which consists of a central gear with a set of 
permanent magnets. The coils in the stator get energized in some order which attracts 
the gears teeth and causes the rotor (central shaft) to rotate. 


The main difference between stepper motors and other motors is the way it revolves. 
Unlike other motors stepper motors doesn't continuously rotate but instead it rotates in 
steps. Stepper motors also differs in the way it's powered. It's driven with pulses, where 
a driving pulse that rotates the shaft one step. Each step corresponds to a certain 
amount of rotation, moving to a certain position is therefore achieved with the right 
number of pulses. 


That makes stepper motors a perfect solution to use in applications where positioning 
needs to be very precise. Its precise and accurate rotation without using any positional 
feedback makes it suitable in for example 3D printers and scanners. 


2.4 Motor Voltage 


The amount of torque that a motor generates depends on the strength of the magnetic 
field which depends on the amount of current in the windings. To produce that kind of 
current some voltage has to be applied to the motor windings. If you apply the right 
voltage it will produce the right amount of current in a steady state. The stepper motor 
will however not always run in a steady state as it must be able to change the current in 
the windings rapidly (McComb, 2009). A motor winding is essentially an inductor which 
will resist any change in current flow. At high speeds, sufficient current will therefore 
not get into the windings fast enough for the motor to generate the required amount of 
torque needed to drive the load. 


The amount of rate current change within an inductor is given by 
dl U 
Eric. 1 
dt L (1) 
where dl = change in current, dt = change in time, U = voltage and L = inductance of 
winding. If more voltage is applied it will then take less time for the current to reach the 
required level and thus mean that the motor will be able to run at a higher speed. 


Running the motor at a too high voltage can damage the motor. The increased voltage 
will lead to higher current and thus higher power loss in the windings which will 
increase the temperature of the motor. The simplest way to reduce the current is by 
adding an external resistor in series with the motor. Although that will decrease the 


amount of current, the current will still be able to change faster. It will waste power in 
the resistors and generate heat. 


2.5 Electromagnet 


A simple electromagnet consists of a coil of insulated copper wire. When a current is 
introduced and flows through the wire, it generates a magnetic field around the coiled 
wire (Brain). When the current turns off so does also the magnetic field. The strength of 
the electromagnet is thereby proportional to the amount of current that is applied to the 
wire. There's however a limit of how much current that can be added without making 
the wire too hot and more current also means that more energy will be wasted as heat. 


So to make it more powerful it's better to either use more turns ofthe wire or put in a 
soft iron core. Once the current is applied the magnetic field penetrates the core and 
rearranges the metal atoms. When the current is turned off, the atoms return to their 
natural, random state and the core loses its magnetism. The core thus acts like an extra 
magnet inside the coil. The material that is used for the core can make a lot of difference 
to the strength ofthe magnet. Iron is a metal that's highly permeable which means it's 
conductive to a magnetic field. A steel core on the other hand would stay magnetized. 


The main advantage with an electromagnet is that it as opposed to a permanent magnet 
can change the magnetic field it produces by controlling the amount of current in the 
wires. It however means that the electromagnet requires a continuous power supply to 
be able to maintain the magnetic field which is not necessary for the permanent magnet. 


2.6 Transistor 


A transistor allows you to control the flow of a larger current with a smaller current. The 
transistor has three legs; the collector, the base and the emitter. The emitter should 
always be connected to the ground while the base connects to the output pin of the 
Arduino (Johansson, 2013). When a small current from the Arduino is applied to the 
base a larger current is allowed to flow between the collector and emitter. It thus acts 
like a solid state switch in an electric circuit that closes when a current is applied to the 
base, and where the amount of current is determined by a power supply of some sort. 


Transistors can both be used as electronic switches in high power applications as well as 
a logic gates in low power applications. Transistors are thus very useful because 
otherwise some electromechanical switches would be needed to complete the electrical 
circuits. 


3 DEMONSTRATOR 


This chapter describes the developed demonstrator and the working process that was used 
to create it. 


3.1 Problem formulation 


The task was to design and build an automated chess robot. This chess robot should only 
work as a link between two boards. The robot should thus be able to detect where the 
pieces are and register if any movement occurs. It then needs to move the pieces on the 
other board accordingly. 


3.2 Electronics 


The first part of the work that needed to be done was to detect where all the chess 
pieces were. To detect the pieces a keyboard matrix was implemented but instead of key 
buttons reed switches were used. Reed switches are very cheap, easy to work with and 
most important of all very easy to trigger. 


The reed switches were placed underneath the chessboard; one for each square. The 16 
reed switches were paired together into a matrix with four rows and four columns 
where every switch worked as a link between a column and a row. The matrix was 
connected to an Arduino according to Figure 1 , where the four rows were chosen to be 
outputs from the Arduino, while the columns were defined as inputs to the Arduino. A 
high output signal was therefore sent to one row at a time and from the input signal at 
the columns an analogue value was measured. The combination of a high row and a high 
column shows that a piece is occupying that square. 


To make the connection less sensitive to various disturbances a 10k® pull-down 
resistor to the ground was used at the end of each column. This helped to get cleaner 
measurements. To solve the Ghosting problem a diode was connected in series with 
each reed switch. The diodes however had the problem that they had a lot of internal 
resistance, which meant that they reduced the input signal to the columns. 


fritzing 
Figure 1: The reed switch matrix 


At first everything was connected on a breadboard to see if it worked because it was 
easier to test and when the circuit functioned properly everything was soldered on a 
large plate so that it would hold better. See Figure 2. But because a large plate was quite 
expensive four smaller plates were put together into a big one. At the edges of the plate 
some threaded screws were used as pillars to hold up the chessboard and underneath 
the plate a frame was made. 


Figure 2: The soldered reed switch matrix 
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To be able to actually move the chess pieces some kind of motor needed to be used. In 
this case it was important to have motors that were precise and reliable. Therefore 
stepper motors was the type of motor that was chosen for this project. The Arduino can 
only output small amount of current from their output pins. They are meant to act as 
control signals and not power supplies. To drive the stepper motors some kind of driver 
was needed. The motors were connected according to the block diagram in Figure 3. 


Motor driver 


Arduino 


Power Supply 


Figure 3: A block diagram of how the motors were connected 


To be able to move the chess pieces an electromagnet was used. The electromagnet was 
made by wrapping around many turns of isolated copper wire around an iron screw. It 
then got current from a power supply and was controlled by an Arduino. To control the 
electromagnet with an Arduino a transistor was used. The circuit is shown in Figure 4 


Diode 


Arduino 


Resistor 
1kQ 


Figure 4: A circuit to control the electromagnet with the Arduino 
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3.3 Hardware 


The next step was to figure out how to achieve the movement of the chess pieces. A 
stepper motor converts electrical power into mechanical power. However stepper 
motors gives a rotary motion. To make this XY-table a linear motion was required. 
Converting rotary motion into linear motion can be accomplished by using different 
mechanical means such as belt and pulley, rack and pinion, leadscrew and nutblock and 
other mechanical linkages. 


To achieve this linear movement the choice fell on using a timing belt with two timing 
belt pulleys. There are timing belts with different types of tooth pitch and it is important 
that the pulleys and the timing belt matches when it comes to that. Both pulleys were 
the same size to make the belt move in a straight line. The first one of the pulleys was 
driven by the stepper motor while the other one was idler. The first pulley was fastened 
on the stepper motor axle, while the stepper motor itself was attached to a baseplate, so 
that when the stepper motor rotates it gets the pulley to spin with it which makes the 
timing belt to move forward or backward linearly. The idler pulley on the other hand 
was attached to a fixed axle (screw) so to make it possible for it to spin a small pipe was 
placed on the inside of the pulley. When the movement of the belt was working a little 
plate was attached on the timing belt with a clamp so that when the timing belt moves 
forward it pulls the plate with it. 


To make the construction more stable two bars were added. They were placed a little bit 
above the timing belt and were a little bit further aside so that they would not interfere 
with the movement of the belt. The bars were attached to two L-square walls. Then two 
foots were made and mounted on the plate. Each foot had two holes so that they could 
glide smoothly along the bars. It facilitated the movement and made it a lot more stable 
and therefore less plausible to wobble or fall over. See Figure 5. 


Figure 5: The first linear slide. 


Since it should be able to move along both x and y-axes two mechanical systems had to 
be made and placed in two levels. At the bottom a linear slide in the y-axis was made and 
on top of that a linear slide was made in the x-axis. The bottom slide must however be 
able to take a lot of weight and since the first slide were slightly too weak the other slide 
was made a bit differently. 


It had a u-beam with lots of hole, as illustrated in Figure 6. The stepper motor was 
attached to the beam via a mounting plate. Because the motor had a short axle a 
coupling was necessary to extend it with another axle. The other end ofthe axle was just 
as the axle on the other side fix by a ball bearing to make it stronger and more stable. 
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Both axles had a pulley each with a timing belt between them. As with the first line a 
little plate was attached to the belt. The plate was supported by four legs which glided 
along the walls. It also had a stronger motor that were able to drive more load. 


Figure 6: The second linear slide 


When the two linear slides were made they were put together and attached to a frame 
which is shown in Figure 7. The frame was created to give a platform to the stepper 
motor lines and in the edges of the frame some pillars were made which held up the 
chess board. 


The idea was that the upper line needed to move along the bottom line. But the motor on 
one side made it unstable and when the electromagnet moved to the same side on the 
upper line it fell over. Therefore some support was needed at the ends of the upper line. 
Two roller rails (that are used in sliding doors) was placed on the short sides of the 
frame and linked to the upper line through a piece of wood. 


Figure 7: The whole XY-table. 
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3.4 Software 


The Software was created on Arduino Uno and is described in the flowchart in Figure 8. 


Scanning 
matrix 


Comparing 


matnces 


2 squares with big 
difference? 


Yes 


Send 
coordinates to 
stepper motors 


Move to Square 1 


Check relation 
between the 
coordinates 


Turn on 


electromagnet 


Move to Square 2 


Turn off 


electromagnet 


Figure 8: A flowchart of the software program that runs the Chess robot. 


For each row every column is scanned and the values are put in a matrix. This procedure 
is done repeatedly. That matrix is then compared to the one before and the two squares 
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with a big enough difference are chosen. If a square has a big enough difference it 
indicates that a piece have either come or left. 


In this project two Arduinos were used; one for the sensing part and one for the moving 
of the pieces. To make them communicate with each other I2C was required. 

When the first Arduino had received two squares it fed the other Arduino the 
coordinates by sending them through I2C. The first Arduino then waits a bit until the 
movement on the other board is done so that it will not register if you make a move 
during the moving process. 


The first thing that the second Arduino does is to check how the obtained squares relate 
to each other to be able to decide how it should move. If it's a rook it will move straight 
ahead, if it's a knight it moves in a diagonal and if it's a knight it moves in between the 
squares. 


The obtained squares coordinates (that the matrix position gives you) gets subtracted 
with the current position of the electromagnet. A negative difference in the matrix 
indicates that the piece had left the square and thus is the coordinate that the 
electromagnet will go to first. That coordinate multiplied with the size of the square, 
gets you the distance to run. Since the stepper motor rotates in steps and each step 
corresponds to a certain distance the distance is then converted in to steps for the motor 
to turn. When the electromagnet has arrived at the first coordinates it's turned on and 
then moved in the same way as before to the second coordinate. At last it's turned off 
and waiting to receive new coordinates from the sensing. 


3.5 Results 


The results from the tests that were performed are shown in tables below. The values 
that are presented are representing the speed of the chess pieces. 


Constant Speed [cm/s] 
Bottom Motor Upper motor 
Rook Bishop Knight Rook Bishop Knight 
4,5V 5 4,96 4,81 4,7 4,77 4,76 
6V 6,57 6,54 6,6 7,47 7,49 7,6 
7,5V 9,85 9,85 9,87 12,3 12,42 12,46 
Acceleration- Bottom Motor [cm/s] 
Rook Bishop Knight 
6V 8,39 7,35 4,7 
7,5V 10,31 9,7 7,8 


The tests with the different pieces showed that there was no real difference between 
them and they all moved equally fast. 
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4 DISCUSSION AND CONCLUSIONS 


In this chapter the results from the previous chapter will be discussed and analyzed to 
answer the questions that were asked in Section 1.2 


4.1 Discussion 


The motor voltage clearly had an impact on the motor speed and therefore on the 
movement off the pieces. When more voltage was applied to the motors it showed that 
the pieces moved faster. Even though it was expected the change was surprisingly big. 
By increase the voltage with three volts (4, 5V to 7, 5V) the speed nearly doubled. If it 
drives too long then the motor could be damaged but since it in this case only runs for a 
short period of time it should not be a problem. 


At constant speed the different moves showed no real difference in terms of the speed 
while it in the acceleration tests showed that a rook for example had a higher speed than 
a knight. It could be because the rook travels a longer distance which means that it can 
accelerate up to a higher speed. The difference in speed is less at 7,5V comparing to 6V 
at acceleration because at 7, 5 V the acceleration is higher which should decrease the 
impact that the distance have. The acceleration values of the knight are however quite 
low so they could be a little bit wrong. 


In both constant speed and acceleration there was never any danger for the piece to fall 
out of position and the limiting factor was instead that the motor could not drive the 
load at any higher speed. This is no surprise since the stepper motor is very exact and 
therefore does not end up in the wrong location even if it runs at high speeds. The speed 
ofthe pieces were overall very fast and not that much different from a human hand. 


Even though the bottom motor was more powerful it showed that the upper motor at a 
higher voltage was faster. That the motor is more powerful means that it requires more 
current and thus it should change a little bit slower. Besides the bottom motor has to 
drive a lot more load than the upper one. 


The tests of the 3 pieces showed no real difference which is a little bit surprising 
because the weight of a piece probably should matter but maybe some bigger pieces 
should have been tested in order to get a difference. The magnets are strong so the piece 
might have to be bigger to stop the power of the magnets. 


4.2 Conclusions 


From the tests some important conclusions can be made. The voltage has a big impact 
on the speed and by increasing it, the pieces can move much faster. The stepper motors 
were very exact and the limiting factor was not that the stepper motor couldn't handle 
the speed but instead it was the amount of load for the stepper motor to drive that 
determined how fast it could move. 
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5 RECOMMENDATIONS AND FUTURE WORK 


In this chapter some recommendations are given for more detailed solutions and/or 
possible future work. 


5.1 Recommendations 


The XY-table was quite large. In the edges of the board it's a lot of space because that the 
upper line left some unused space at the sides (the frame was initially made for two of 
those lines). Therefore it would be important to use more of the unused space at the 
edges and thereby reduce the size of the board. Another reason that the XY-table was a 
bit to large was because magnets were used to enable the electromagnet to move the 
pieces. If the electromagnet were stronger but had a smaller diameter it could be 
possible to use metal instead of magnets and then reduce the squares. 


5.2 Future work 


Even though the prototype works properly there are some rooms for developments to 
improve the robot further. First of all the robot needs to be expanded so that it works 
for a whole board. Then it could either be developed as a link for two separate boards or 
be programmer into a chess robot that can play by itself. In both cases its worth to 
consider changing the switches as the reed switches had some problems. That's 
especially needed if it's to be programmed into a chess robot since the reed switches 
can't know which pieces is where. Otherwise it would require a lot of programming. 


Another thing that could be done is to integrate a screen to the chess robot so that one 


player plays on a screen while the other one plays on a real chessboard. That would 
mean that the sensing and movement of pieces would be executed on the same board. 
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